With their ratification of the Kyoto Protocol, many countries have established forests on previously non-forested land with the view of offsetting greenhouse gas emissions. While these forests indisputably result in increased carbon storage in aboveground biomass, consideration of other major implications is often neglected. Forest establishment results in changes in albedo and soil carbon storage, reduced runoff and downstream water supply, and effects on biodiversity. Such effects of forest establishment may be less desirable from environmental, economic and social perspectives. While there have been many studies of the impacts of forest establishment on individual aspects, policy makers need to be able to integrate the benefits and consequences to assist in making decisions on land management. Further, the relative magnitude of the effects of forestry needs to be considered in the context of elevated atmospheric carbon dioxide partial pressure and climate change resulting in increasing temperature and changes in the amount and distribution of rainfall. This introductory review highlights the major benefits and consequences of forest establishment and demonstrates progress in integrating across the services provided by forests. New modelling approaches are being developed that allow analysis of benefits, consequences and trade-offs to assist policy makers in decisions to manage the provision of multiple resources.
Introduction
Forests cover 4 × 10 7 km 2 of the Earth's surface, equivalent to ~30% of the global land area (FAO 2006 , Nabuurs et al. 2007 , with much of the remaining area too cold or too dry to support permanent forest cover. While forests provide timber products that contribute substantial economic wealth globally, forests also provide other resources with financial, environmental, cultural, recreational and aesthetic values. Further, forests provide shelter and feelings of security and well-being that are illustrated in the poem written by Charles Harpur in 1840 at the time of the colonization of Australia.
The benefits, consequences and trade-offs in the range of services provided by forests are the context for this paper, prepared as an introduction to a workshop on the theme of canopy processes in a changing climate held in south-eastern Australia. The major effects of forest establishment are highlighted using a series of case studies rather than extensive review. The paper begins by balancing the benefits of forests as carbon sinks against the consequences for regulation of climate resulting from changes in surface energy exchange. This is followed by an assessment of the effects of changing climate on forest productivity. Changes in soil carbon storage associated with conversion of grassland to forestry are highlighted because of increasing focus on the role of soil carbon in the global carbon cycle. Reduction in water supply from catchments is a major consequence of afforestation and the magnitude of changes in Research paper: Part of a special issue on canopy processes in a changing climate Tree Physiology 31, 893-902 doi:10.1093/treephys/tpr063 relation to forest management is summarized. The need to integrate across issues of carbon storage, water supply and habitat provision for maintaining biodiversity is argued and progress is demonstrated using the case study of a catchment in New Zealand. The paper concludes by outlining future direction in the development of models for integration across services provided by forests.
Forests and climate regulation

Forests as carbon sinks
Globally, forests store large amounts of carbon sequestered from the atmosphere and retained in living and dead biomass and soil. The estimated amount of carbon dioxide (CO 2 ) in the atmosphere is equivalent to 810 Pg C, but 500 and 1500 Pg C are stored in terrestrial biomass and soil, respectively, of which 60% is stored in forest systems (Winjum et al. 1992 , McKinley et al. 2011 , Figure 1 ). However, the imbalance between sources of carbon released to the atmosphere from anthropogenic burning of fossil fuels and deforestation, with uptake by sinks in oceanic and terrestrial systems, has led to an increase in CO 2 partial pressure in the atmosphere from 28 Pa at the start of the industrial revolution in the nineteenth century to just less than 32 Pa in 1960 and the present-day value of close to 39 Pa (Houghton 2005 , IPCC 2007 , McKinley et al. 2011 , Figure 1 ).
Establishment and management of forests to enhance the removal and storage of CO 2 from the atmosphere are recognized as major opportunities to offset the increase in anthropogenic emissions of greenhouse gases and reduce the rate of global warming. Clear evidence of the role of forests in regulating global atmospheric CO 2 partial pressure is provided from long-term measurements made at sites isolated from local sources or sinks (Figure 1) . The rates of increase of atmospheric CO 2 partial pressure in the northern (Mauna Loa, Hawaii) and southern (Baring Head, New Zealand) hemispheres over the last 50 years are closely matched. However, the amplitude of the annual variation, largely attributable to seasonal changes in removal of CO 2 from the atmosphere and storage in forest biomass, is more marked in the northern hemisphere compared with the southern hemisphere. This is because of the much larger forest area in the northern hemisphere and differences in the distribution of forests in relation to seasonal changes in temperature between hemispheres.
Adoption of the Kyoto Protocol in late 1997 encouraged individual countries to increase the rates of carbon uptake and storage in forest biomass. Intergovernmental Panel on Climate Change estimates of the global mitigation potential from forests are substantial, up to 3.8 Pg C year −1 by 2030, but dependent on financial incentives for forest establishment (Nabuurs et al. 2007) . McKinley et al. (2011) estimated that forests and forest products currently offset 12-19% of fossil fuel emissions for the USA. However, in the short term, a decrease in the rate of deforestation will contribute more to mitigating CO 2 emissions than forest establishment. Globally, the rates of deforestation between 2000 and 2005 were 7.3 million ha year −1 , amounting to a source of 1.4-2 Pg C year −1 to the atmosphere (Houghton 2005 , Nabuurs et al. 2007 , McKinley et al. 2011 . These losses are lower than those in the 1990s, but about two-thirds of the deforestation continues to occur in the tropical forests of South America, Africa and Southeast Asia, with stable or increasing forest biomass accumulation in all other regions. In addition, carbon accumulation in up to 100 million ha of forest is reduced annually by natural disturbance, fire and pests (Nabuurs et al. 2007 ). Cramer et al. (2001) used models incorporating projections of climate change and showed that the world's forests are likely to continue to increase in carbon storage until the middle of this century, after which changes in climate will lead to a decline in carbon storage. In the long term, down-regulation of CO 2 uptake by vegetation with increasing CO 2 partial pressure, increased respiration from soil with increasing temperature and increased rates of deforestation could lead to saturation of the global carbon pool by the end of this century (Canadell et al. 2007) . Incorporating the effects of global carbon pools into an analysis of the regulation of atmospheric CO 2 partial pressure, Kirschbaum (2003) argued that the maximum mitigation benefit will be achieved by delaying the widespread planting of trees until the time when the most severe climate impacts other than increasing temperature are anticipated.
Changes in albedo with afforestation
While afforestation of grassland results in net removal of CO 2 from the atmosphere, changes in the properties of the vegetation affect surface energy balance. The radiation balance for a forest canopy is described as the sum of components of shortwave, Q s , and long-wave, Q l radiation. Q l can be simplified, assuming that incoming long-wave radiation is negligible for the Earth as a whole, such that
The arrows refer to upward and downward fluxes, T is the surface temperature and α is the albedo of the surface defined as the fraction of downward short-wave radiation reflected from the surface (Landsberg and Gower 1997) . Small decreases in albedo lead to increases in upward long-wave radiation, resulting in large changes in surface temperature since Q l is related to the fourth power of temperature. Values of albedo for grassland are ~5-10% higher (more reflective) than those for coniferous forests, which lie in the range 0.08-0.15 (Jarvis et al. 1976) . So a decrease in albedo resulting from establishment of conifer forest on land previously in grassland leads to a decrease in reflected short-wave radiation, increased radiative forcing and warming of the atmosphere. Conversion of grassland to forest may also result in warming or cooling of the atmosphere because of indirect effects on surface radiation balance associated with changes in evaporation and subsequent cloud formation. Values of albedo and subsequent effects on surface radiation balance are also affected strongly by the presence of snow, especially for forests at high latitudes in the northern hemisphere. Use of models to simulate the effects of large-scale replacement of grassland by forest has shown that the resulting changes in radiative forcing are sufficient to offset the benefits of reducing air temperature by removal of CO 2 from the atmosphere and lead to a net warming effect at mid to high latitudes (Betts 2000 , Bala et al. 2007 ). This finding questions the widely held assumption in the development of the Kyoto Protocol that increased uptake and storage of CO 2 from the atmosphere by widespread afforestation will mitigate the rate of global warming. Kirschbaum et al. (2011) assessed the balance between the benefit of atmospheric cooling from increased carbon sequestration and the detriment of warming from increased albedo following afforestation for a rapidly growing forest at temperate latitudes in New Zealand where there was no long-term snow cover. Following establishment of Pinus radiata D. Don forest onto grassland, measurements of albedo decreased from 0.18 to 0.13 after the first 8 years and then remained low as the trees grew to a height of ~30 m after 20 years. During the early growth stage when carbon storage in forest biomass was low, increased radiative forcing from decreased albedo was comparable to the reduction in radiative forcing from removal of atmospheric CO 2 . However, as the forest grew, the effects of increased carbon storage dominated the effect of decreased albedo. After 20 years, the effects from decreased albedo reduced the benefit of reducing radiative forcing only by ~10-20%, depending on the inclusion of carbon cycle feedbacks with other sinks (Kirschbaum 2003) . Although this analysis was restricted to the direct effects of changing albedo on radiative forcing, even if the indirect effects were similar in magnitude (Bala et al. 2007 ), the analysis does support the benefits of afforestation in regions with high growth rates at temperate latitudes to reduce the rate of global warming. However, the benefits of afforestation will likely be less favourable at sites where tree growth rates are low.
From data for 40 sites across the USA for forests, crops and grasslands with values of albedo ranging from <0.05 to 0.25, Hollinger et al. (2010) showed strong linear relationships between albedo and upper canopy nitrogen concentration per unit foliage mass. Since the capacity of ecosystems for CO 2 uptake scales directly with total canopy nitrogen concentration, estimates of albedo from satellite sensors provide a framework for interpreting net CO 2 exchange and productivity at large spatial scales that can be used in models to simulate potential feedback responses between vegetation and climate at the regional or global scale (Ollinger et al. 2008 ). Further, selection for particular surface reflective properties of crops and trees could be used to change albedo at large spatial scales sufficient to influence feedback to surface temperature and climate (Ridgwell et al. 2009 , Hollinger et al. 2010 ).
Response of tree growth to CO 2 partial pressure, temperature, and nutrient and water availability Most of the many papers reporting the response of trees to climate change have been focused on the effects of elevated CO 2 partial pressure on photosynthesis and growth, and the findings have been summarized in recent reviews (e.g., Long et al. 2004 , Ainsworth and Long 2005 , Norby et al. 2005 ).
Benefits and consequences of forests 895
While these studies conclude that nearly all species show enhanced growth when grown at elevated CO 2 partial pressure, this is usually much less than the enhancement in photosynthesis (Körner 2006) , supporting the argument that trees are seldom carbon limited (Körner 2003 , Millard et al. 2007 ). Findings from long-term exposure of field-grown trees to elevated CO 2 partial pressure in free air carbon enrichment (FACE) experiments have shown that enhanced rates of growth of up to 23% may occur in young trees, but this response is short-lived because nutrients, predominantly nitrogen supply, become limiting (Oren et al. 2001 , Finzi et al. 2002 , Nowak et al. 2004 , Ainsworth and Long 2005 , Norby et al. 2010 . Reductions in stomatal conductance at elevated CO 2 partial pressure increase water use efficiency and slow the rates of depletion of soil water storage in water-limited forests (Soulé and Knapp 2006) and, in desert shrubland systems, allow photosynthesis to continue for longer periods during drying cycles (Pataki et al. 2000) .
The effects of changing climate on carbon storage at ecosystem scales are dependent on complex interactions between responses to increasing CO 2 partial pressure and temperature and changes in rainfall and nutrient availability (Luo et al. 2009 , Lin et al. 2010 ). The response is sensitive to differences in the conditions and rates of change of climate variables with latitude (Shaver et al. 2000) . Simulation of these interactive effects to forecast changes in biomass and carbon storage requires the use of models that incorporate the feedback responses between environmental variables, canopy carbon exchange, soil organic matter decomposition and nutrient cycling (McMurtrie et al. 2001 , Millard et al. 2007 , Simioni et al. 2009 , Lin et al. 2010 ).
An instructive illustration of these complex interactions and feedback responses on net primary productivity to changing climate variables was provided by Kirschbaum (2004) using the comprehensive model CenW (Kirschbaum 1999) . This model incorporates feedback responses between the direct and the indirect effects of environmental variables on vegetation and soil. Kirschbaum simulated changes in net primary productivity for the same generalized forest over a 20-year period in response to local conditions and increases in CO 2 partial pressure and air temperature with increasing rainfall and nitrogen fertilizer application at four sites with contrasting climates (Figure 2) . The model shows that growth responses are likely to be greater at sites when conditions are warm and water limited with adequate nitrogen supply, attributable to increased water use efficiency (Canberra and Alice Springs). The response was much less at all sites with low nitrogen supply and lowest where conditions were cool with adequate water supply but nitrogen limited (Flakaliden). The sensitivity to elevated CO 2 partial pressure in relation to increasing temperature was apparent only when the supplies of nitrogen and water were adequate and was strongest at Manila. Water supply always limited the response in net primary productivity at Alice Springs. The largest effect of increasing temperature (not shown here) was the stimulation of nitrogen mineralization. Increasing temperature led to decreases in productivity when nitrogen supply was adequate but water supply was limiting at all sites, except at Flakaliden where the productivity increased in response to the longer growing season and increased nitrogen supply. Kirschbaum's modelling analysis highlights the lack of a general response in productivity to changing climate and shows that actual responses are strongly dependent on local conditions.
Effects of afforestation on soil carbon storage
Soils contain up to two-thirds of the carbon stored in terrestrial ecosystems (Amundson 2001) and small changes in rates of respiration from the breakdown of soil organic matter with changing climate may result in large impacts on the global carbon cycle (Grace and Rayment 2000, Bond-Lamberty and Thomson 2010) . In particular, increases in temperature may lead to a feed-forward response on atmospheric CO 2 partial pressure and the rate of global warming (Powlson 2005) . Further, changes in soil carbon storage result from land use change (Houghton 2003) . While considerable uncertainty exists around quantifying temporal and spatial variability in the processes regulating changes in soil carbon storage (Saby et al. 2008) , estimates of changes in carbon storage in relation to land use change are needed to improve global climate models incorporating carbon cycling.
Rates of accumulation of carbon into soils following reversion of agricultural land to woody vegetation are generally much lower than the increase in above-ground biomass. The rates are highly variable and dependent on the rate of input of organic carbon, retention at depth within the soil profile and protection from decomposition. Post and Kwon (2000) estimated that the rate of increase in soil carbon for all farmland reverting to forest in the USA during the last 150 years is ~0.05 Pg C year −1 , which is much less than the rate accumulated in above-ground biomass estimated as 1-2 Pg C year −1 . However, at sites with initially high soil carbon content, conversion of grassland to forest may result in carbon losses at depths to 0.3 m of up to 10% sustained over periods of up to 10 years ). Guo and Gifford (2002) undertook a meta-analysis of estimates of changes in soil carbon stocks following land use change and showed decreases in carbon storage of 10% when grassland was converted to coniferous plantation forest, but no change when broadleaved plantations were established into grassland. In contrast, soil carbon increased by 53% following conversion of crops to secondary forest, although differences in bulk density with depth were not accounted for in this analysis. In a further meta-analysis of data for tropical forest systems, Don et al. (2011) showed that conversion of primary forest to crops resulted in losses in soil carbon of up to 30% but this could be reversed with improved management or reforestation. These estimates refer to changes in carbon in the mineral soil and losses may be offset by increases in carbon in surface litter following conversion of pasture to forest (Kirschbaum et al. 2008b ).
Using models to estimate changes in soil carbon following afforestation with Pinus and Eucalyptus in Australia, Paul et al. (2003) estimated mean losses of 0.8 Mg C ha −1 year −1 in the first 10 years following forest establishment, but the mean rate reduced to 0.06 Mg C ha −1 year −1 over 40 years, consistent with measurements reported in the literature. The loss of soil carbon was attributed to lower inputs of carbon, increased proportional carbon storage in above-ground biomass and increased lignification of litter from the trees compared with grassland. Kirschbaum et al. (2008a) reanalysed the data for a range of sites from Guo and Gifford (2002) and showed that there was generally no change in soil carbon following afforestation at sites where annual rainfall was <1250 mm. However, losses occurred at sites with higher rainfall, increasing up to 25% at sites with annual rainfall exceeding 1500 mm. Using data to test a model and further explain the decrease in soil carbon following establishment of P. radiata forest in eastern Australia, Kirschbaum et al. (2008b) concluded that the observed decreases in soil carbon could be explained by changes in site nitrogen balance. Soil carbon decreased rapidly in the first 3 years after planting followed by partial recovery and then a slow decline over the subsequent 15 years. Reductions in the input of nitrogen from roots and aboveground litter and leaching losses following afforestation, more pronounced at sites with high rainfall, resulted in the transfer of nitrogen from the soil to biomass and a decrease in soil nitrogen compared with that under grassland. With no change in the carbon to nitrogen ratio in the bulk soil, the loss of soil carbon could be attributed to the decrease in nitrogen following afforestation. Consistent with this explanation, Huang et al. (2010) showed increases in soil carbon near the surface
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Figure 2. Simulated effects of doubling atmospheric CO 2 partial pressure on net primary productivity for a generalized forest over a 20-year period. The simulations show responses to local conditions at four sites with contrasting climates and increases in CO 2 partial pressure and air temperature with increasing rainfall and nitrogen fertilizer application. Simulations were done using the CenW model. Site parameters for the forest are the same for the four sites so the simulations show only the effects of climate on productivity. Reproduced with permission from Kirschbaum (2004) .
following applications of nitrogen fertilizer in a second-rotation P. radiata plantation in New Zealand.
Changes in water supply following afforestation
Evidence from a large number of studies shows that water supply is reduced when forest replaces short vegetation (Calder 1999) . Early findings from 39 paired catchments (Hibbert 1967) and the later inclusion of data for a further 55 catchments (Bosch and Hewlett 1982) showed reductions in water supply following afforestation. In an analysis of data from 504 catchments globally, Jackson et al. (2005) showed that the average reductions in water supply after afforestation were 42 and 52% after 6-10 years and 10-20 years, respectively. Jackson et al. (2005) used a regional atmospheric model to assess changes in climate resulting from converting 70 million ha of non-irrigated agricultural land and grassland in the USA to carbon offset forests. The findings suggested that the reductions in water supply would not be offset by feedbacks from the effects of increased forest area on increased rainfall or decreased temperature.
The reduction in water supply following afforestation is attributable principally to the increase in evaporation of water intercepted by the foliage, driven by advective energy (Pearce et al. 1980) . Losses from rainfall intercepted and evaporated from foliage surfaces often amount to 10-20% of annual rainfall but this is dependent on storm size and leaf area index (Myers and Talsma 1992, Zhang et al. 2001) . The significance of evaporation from wet foliage as a component in annual water balance is highlighted in the observations for a P. radiata catchment by Davie and Fahey (2005) . The fractional reductions in water supply following afforestation are high (up to 60%) in years with low annual rainfall (<400 mm) and decrease (down to 20%) in years with high rainfall (>1000 mm). Annual transpiration rates are also variable and depend on differences in rainfall and leaf area index, especially in Eucalyptus plantations with large seasonal and inter-annual variation in leaf index (Zhang et al. 2001 , Almeida et al. 2007 .
When old forest is removed and a catchment is left to regenerate into regrowth forest, there is an immediate increase in water supply because of the reduction in evaporation of intercepted water. However, water supply is then likely to decline with forest regrowth to levels less than those for the old forest for a period of up to several decades (Vertessy et al. 2001 ). For example, Macfarlane et al. (2010) estimated increases in water use by the trees (equivalent to reductions in water supply) following conversion of old to regrowth Eucalyptus forest in Western Australia from 20 to 44% of annual rainfall and attributed this to differences in sapwood conducting area and leaf area. However, reduction in leaf area index with increasing age in Eucalyptus stands can lead to increases in water supply from older stands (Almeida et al. 2007 ).
Forest establishment into grasslands can reduce peak flows in water supply during periods of high rainfall and moderate flood conditions (Waterloo et al. 2007 ), but the magnitude of the effect is dependent on storm size and the seasonal availability of soil water storage being able to delay runoff (Fahey et al. 2004) . Forests planted on steep slopes may have little effect on reducing deep-seated landslides (Sidle et al. 2006 ), but can reduce surface erosion by up to 90% (Dymond et al. 2006 ). Afforestation of erosion-prone marginal agricultural land can provide new opportunities for carbon storage with substantial potential economic returns (Trotter et al. 2005) . In areas where forest clearance has resulted in rising water tables and increasing salinity at shallow depths, re-establishment of forest can reverse this effect. For example, in Western Australia, increasing interception loss by forest establishment leads to reduced recharge to groundwater, lowering of the water table and decreased salinity near the surface (Benyon et al. 2006) .
Integrating the benefits and consequences of forestry
There is growing demand for models that allow integration of trade-offs in the benefits resulting from conservation of native forests and the establishment of plantations. Models are needed to allow land managers and policy makers to make decisions incorporating environmental, economic and social issues including productivity, carbon sequestration, water supply, flood and erosion control, recreation, biodiversity, employment, etc. while considering the implications of a rapidly changing climate. There are many examples of models used for decision making in forest resource planning based on multiple criteria during the last 30 years, with a decreased focus on harvesting scheduling alone and an increased focus on forest sustainability and biodiversity (Diaz-Balteiro and Romero 2008) . Many studies have focused on the trade-offs between wood production, water supply, erosion control and biodiversity. As examples of modelling for multiple criteria, Bryan and Crossman (2008) considered selection of species and spatial targeting of vegetation management and revegetation in the River Murray catchment in South Australia. They concluded that careful selection resulted in benefits to reduce salinity and wind erosion, while maintaining biodiversity with minimal extra cost. In the same region of Australia, West et al. (2008) showed that the felling of live trees for firewood rather than removal of coarse woody debris resulted in higher maintenance of floral and faunal biodiversity. It is well recognized that the provision of habitats for birds and animals in indigenous forests results in higher biodiversity than that in plantation forest established following clearing (Kanowski et al. 2005) . However, plantation forest supports greater biodiversity than that in adjacent agricultural land use, and plantations can provide corridors to connect remnant indigenous forests and maintain biodiversity (Brockerhoff et al. 2008) .
Simple assessment of the integrated benefits and consequences of forest establishment on multiple resources or 'ecosystem services' can be made by combining models of the quantitative impact of afforestation on each resource in an empirical framework. This approach is demonstrated in the findings from a case study in New Zealand by Ausseil and Dymond (2010) . The Manawatu catchment in central New Zealand is 5850 km 2 with its land area consisting of 17% dairy farming, 57% sheep and beef farming with 18% remaining in indigenous forest and shrubland. Renewed interest in the benefits of establishing forestry to reduce erosion emerged following a major flood event in 2004 that resulted in major erosion within the catchment. The most practical scenario is to retire the highly erodible land comprising 5% of the catchment area (20% of farm area in the catchment) from farming and convert it into P. radiata plantation forest or allow the land to revert naturally to indigenous shrubland. Ausseil and Dymond (2010) combined simple models and simulated the effects of afforestation on greenhouse gas emissions, erosion and sediment yield, water supply and quality and habitat provision. Fifty years after the land use change to forestry, the model suggests that there would be a substantial reduction in erosion within the catchment (Table 1) . Carbon storage would be increased by 5% following forest establishment and by 2% if the land were left to revert naturally to indigenous shrubland because of slower rates of tree growth. Reductions in greenhouse gas emissions were small because much of the steep land was not grazed prior to conversion. There were small increases in water quality and habitat provision. The only negative impact was an overall 5% decrease in water supply, although decreases were up to 20% in some sub-catchments.
Further progress in integrating across multi-dimensional biophysical and socio-economic criteria associated with land use to assist decision making by land managers will require new analytical approaches. Examples of progress include the use of optimization techniques (Chikumbo et al. 2001 , Van Deusen 2001 and agent-based modelling that combines the deductive approach using empirical data to analyse patterns with the inductive approach where hypotheses are tested using observations (Matthews et al. 2007 ).
Concluding remarks
The environmental impacts of afforestation are regarded generally as positive, with increases in carbon storage, reduced erosion and improved regulation of flooding, improved water quality and increasing habitat provision to enhance biodiversity. However, the dominant consequence is a trade-off in reduced water supply. A further consequence is the regulation of global warming through feedback responses of forest establishment on surface albedo and the Earth's energy balance. Predictions are uncertain but it is likely that large-scale planting of conifer forests could lead to warming of the atmosphere that would offset part of the benefit of removing CO 2 from the atmosphere and storing it in biomass and soil.
There is increasing awareness in society of the urgency to adapt to climate change and the need to develop environmental policy that encourages mitigation responses. While research progress is reducing uncertainty in forecasting the rate of climate change and its impacts on forest systems, there are still major knowledge gaps. Policy development is often ahead of the capability of research to provide integrated assessment across all the benefits and consequences of forestry. Further, the need to balance trade-offs between environmental sustainability, economic profitability, land values, security of resources, employment opportunities, and social and cultural practices cannot be generalized and will be different for each set of circumstances. While there have been some attempts to compare the economic value of ecosystem services (Constanza et al. 1997) , the impacts of afforestation need to be prioritized on a cost-benefit basis to match required outcomes. Such an approach requires integration across environmental, economic, social and cultural dimensions at regional scales for assisting planning by resource managers. The application of multi-criteria decision analysis to land use management can ensure cost-effective and efficient achievement of multiple benefits (Bryan and Crossman 2008) . Further developments will provide opportunities for optimizing benefits and consequences across a range of outcome scenarios. Table 1 . Simulated percentage changes in greenhouse gas emissions, carbon storage, sediment yield, water supply, water quality and habitat provision in the 5850 km 2 Manawatu catchment, New Zealand 50 years after the establishment of P. radiata forest or natural reversion to indigenous shrubland on the highly erodible land on 5% of the catchment area compared with current land use. Adapted with permission from Ausseil and Dymond (2010 
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